The effect of predation and natural physical disturbance on the community structure of a coastal marine habitat by Moran, Peter
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 
1977 
The effect of predation and natural physical disturbance on the community 
structure of a coastal marine habitat 
Peter Moran 
University of Wollongong 
Follow this and additional works at: https://ro.uow.edu.au/theses 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Moran, Peter, The effect of predation and natural physical disturbance on the community structure of a 
coastal marine habitat, Bachelor of Science (Honours) thesis, , University of Wollongong, 1977. 
https://ro.uow.edu.au/theses/3003 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 
THE EFFi;CT OF PllEDAT ION AND NATURAL PHYSICAL 
DISTURBANCE JN THE COl\NUNITY STRUCTUHE OF A COASTAL 
MARINL HABITAT 
BY 
PETER MORAN 
.. ' .. 
. . . . 
A thesis submitted in part fulfilment of the requirements 
for the degree B.Sc. (Hons.). November, 1977. 
TABLE OF CONTENTS. 
Summary 
Acknowledgements 
List of tables 
List of figures 
Introduction 
The use of settling plate techniques 
Study areas 
Methods and materials 
methods of analysis 
Results 
Discussion 
Conclusions 
Appendices A• Species list 
Page 
ii 
111 
iv 
v 
1 
10 
13 
30 
42 
55 
64 
65 
Bo Significance test for 
regr~ssion coefficients. 66 
Referenceso 67 
Summar~ 
Settling panels were u~ed to determine the distribution 
of sessile ore;anisms. Experimental and control cages were 
located at two study sites, that represented different 
physical exposures. Twenty nine species of sessile organ-
isms were recorded for the two sites. Data on the presence 
or absence of each species for each sample were classified. 
The resulting hierarchy showed that physical disturbance 
of the environment had been the major factor in determining 
the distribution of sessile species. Furthermore, the ~ier­
archy showed that predation was a less important determ-
inant in the physically strefsed study site, but had no 
effect in the protected site. 
The significance of these results are discussed and it 
is concluded that these results represent the effect of 
physical disturbance on a "Developing Communityn. 
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Introduction 
This project is concerned with the study of natural 
communities, and how they are organised or structured. In 
particular, the basic goal of this project is to test the 
hypothesis, that the distribution and abundance of sessile 
organisms in a community are affected by the dynamic inter-
action of predation and natural physical disturbance. This 
is to be achieved using settling plate techniques. 
If we consider the large number of species which are 
present in many natural communities, and thus the array of 
biological and physical interactions which occur; then the 
task of discovering and interpreting both the significance 
and intensity of these interactions is formidable. Because 
of this, community ecology, at this present time is con-
fronted with a set of theories which try to explain how 
communities function. ( i<.: ikkawa, 1977) A number of these 
theories have grown up from a descriptive basis, heavily 
dependent upon sampling approaches which stress the struct-
ural aspects of the ccmmunity. (Dayton, 1971) There are 
very few biological communities which can be manipulated, 
so that, altered (experimental) ' and unaltered (control) 
treatments can be compared. For this reason, little 
emphasis has been placed on experimentally elucidating the 
functional roles of the major community factors (Dayton, 1971; 
(a) 
Conne 11, 1972 :~) 
The present study was initiated because it firstly 
attempts to measure, experimentally, the major factors 
which determine community structure. It is therefore not 
a descriptive study. 
Secondly the project is important since it determines 
these factors of community structure, by directly measuring 
the dynamic relations between se~sile organisms. This is 
achieved using ~ettling plate techniques, ~s settling panels 
are amenable to experimental manipulation (this will be 
discussed in the next section) experimental and controlled 
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conditions, with replicate treatments can be used, so that 
changes in the abundances and distributions of the co-
existing organisms can be quantitatively measured. 
Thirdly, this study deals with one .of the main issues 
of community structure. Many researchers have shown 
through field experimentation:~the rocky inter-tidal shore, 
that predation is a major factor of community structure, 
because it controls the extent to which competition will 
take place. (Connel\ 1976) However communities represent 
a complex array of interactions which are closely linked to 
the surrounding environment, so that community structure is 
not determined solely by biological interactions but0~\fy 
physical interactions (Dayton 1971). The present ~tudy 
therefore attempts to elucidate more fully, the functional 
roles of these two inter~ctions using controlled experimental 
conditions. 
Connell (1976) suggests that it is the interactions 
between an assemblage of organisms, which provides the 
organization or structure within ~ community. Two such 
interactions, competition and predation have been suggested · 
as_ providing most of the organization within a community 
(Conne 11, 1961, 1972Q, 1972 b, 1976; Paine, 1969, 1971, 1974) 
"Competition occurs when a number of animals (of the 
same or of different species) utilize common resources, the 
supply of which is short; or if the resources are not in 
short supply, competition occurs when the animals seeking 
that resource nevertheless harm each other in the process." 
Birch (1957 pg. 5) 
Connell (1961) showed in his experiments with barnacles 
that competition in the rocky intertidal zone was occurring 
under natural conditions. Stimson (1968) observed experi-
mentally that the large limpet Lottia gigantea held terri-
tories, from which it excluded by direct shoving, other 
species of muf.sels and anemones. 
2 
Another example from the rocky intertidal zone, is 
given by Dayton (1971); the colonial anemone Anthopleura 
elegantissima is apparently restricted in its location by 
the presence of the barnacle Balanus cariosus. When Balanus 
was removed Anthopleura spread into the vacated space. 
Several other experiments on the rocky seashores, have 
demonstrated the existence of interspecific competition in 
marine organisms. (Haven, 1966, 1973; Menge, 1970) Obtain-
ing this direct evidence has involved using the procedure 
of changing the abundance of one species and observing the 
survivorship or growth of another, with adjacent .eontrols 
(Connell,1976). 
Because of the difficulties of sampling, direct evidence 
for interspecific competition, in other natural communities 
is scarce. Connell (1976) has suggested that competition 
between roots of canopy trees, and those in the under~tory, 
was demonstrated long ago by controlled field experiments, 
in natural forests in temperate latitudes (Lutz, 1945; 
Shirley, 1945). This fact has not been verified since then. 
Field experiments on vertebrates and insects (Brian, 1952; 
De Long, 1966; Davis, 1973) have provided indirect evidence 
that competition occurs. However due to the complexities 
of these natural systems, they are open to explanations 
other than comp etition. 
Competition, mainly represents interactions which 
occur within tropic levels, whereas predation represents 
interactions between tropic levels (Connell, 1976 ). 
These two intera ctions are not discrete entities in 
community organization. 
Experimentation has shown that they may interact, 
in such a manner that the populations of two competing 
species, may be reduced, by their predators to such an 
extent that competition is prevented. This was first 
recognised by Darwin (1859) in dealing with the predation 
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of plants ·by animals, In fact much of. the experimental 
evidence for predation as an important factor in community 
structure, has stemmed from research dealing with this type 
of association. An early experiment was made by Tansley 
and Adamson (1925) in which they excluded rabbits from 
selected plots and studied the changes in vegetation that 
followed. The exclosed area became dominated by only a few 
species of grasses; Hope-Simpson (1940) further extended 
this result by showing that, not only had the competition 
between grasses increased with the exclusion of predatory 
rabbits, but after 5 to 6 years the area was beginning to 
be invaded by woody vegitation. 
InvestigatiQns as to the effect of predation on 
terrestrial animals under natural conditions have very 
rarely been cairied out due to the difficulties associated 
with sampling. However the rocky intertidal zone .. , again 
provides good evidence that predatlorsoften keep their 
prey populations so low that competition is prevented. 
These observations have come from experiments in which 
grazers or predators are removed. (Jones (1948), with 
limpets and algae; Paine and Va:rdas (1969), with sea urchins 
and algae; Stephenson and Searles( 1960 ), with herbivorous 
reef fish and algae and seagrasses). 
In summary, the results from these controlled field 
experiments, indicate that competition in a natural 
community, is directly affected by predation. This has 
lead Connell (1976: pg. 475) to suggest that in terms of a 
model of community structure: 
"pred:1tion should b(~ :regarded as being of primary 
importance either directly determining the species compo-
sition or in preventing competitive exiusion, except where 
the effect of predation is reduced for some reason" 
However natural communities are complex systems which 
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are closely associated with their surrounding environments. 
Therefore the organization within a community is not only 
determined by a biological component but also by physical · 
(environmental) intera ctions, Dayton (1971, pg. 352) states: 
"The concept of community organization suggests more 
than a description of the assemblage of populations. Such 
an organization, incorporating dynamic interactions,tropic 
structure, and patterns of distri.bution and abundance, 
should react predictably to physical and biological dis-
turbances; the most convincing demonstration of community 
structure, would be proof that the growth and regulation 
of the component populations are affected in a predictable 
manner by naturnl physical disturbances and by changes in 
abundances of other species in the community. Thus a 
dynamic · theory of community structure, should be built 
around an understanding, both of the effect of the major 
comminity disturbances and of the interactions among the 
component populations." 
Hence, an unders t anding of community structure is 
based upon a knowledge of the effect, of both, the inter-
actions between organisms and the major physical disturb-
ances of the environment. 
carried out with this aim 
Experiments which have been 
in mind, have shown contra5'hng 
. . 
: . , _ 
results. These experiments observed the effects of predation 
and natural physical disturbance; on the species diversity 
of · a community. 
We have already seen that predation reduces the 
severity of competition by reducing the numbers of competing 
·~s If predation is increased, then this should lead spec:i.~ • 
to; 
A. Increasing the death rate of the competing species. 
B. Reducing the alility of the species to compete for 
a specified resource (such Bs space). 
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• 
This reduces the likelihood that the species in question, 
will competitively displace other species or reduce their 
population densities. Therefore with an increase in pred-
ation, the species diversity of a community would also 
increase. Similarly if predation ~as decreased, species 
diversity would be expected to decrease also. 
Several field experiments have shown species diversity 
to increase, where the intensity of predation was reduced 
(Tansley and Adamson (1925),with rabbits and grassland 
communities; Jones (1933), with livestock and grassland 
communities; Paine (1969, 1971) with sea urchins, starfish 
and rocky shore communities). 
Two other lines of evidence support the role of 
predation in maintaining the species diversity of a 
community. 
Janzen (1970) has proposed that there are three traits 
which are characteristic of many lowland tropical forest 
habitats. These traits are: a low density of adults of 
each species; long distances between cOftspecific adults; 
and a high number of tree species which are a direct result 
of the act.ion of predators on seeds and seedlings. There-
fore evidence from tropical forests supports the view that 
predatibn increases the diversity of the prey. 
Als.o contrary to classical belief Moore (1966), Dayton 
and H~ssler (1972) demonstrated that benthic communities in 
the deep sea have extraordinarily high species diversity. 
They determined that . the maintenance of such a high diversity, 
is a result of a continued biological disturbance by predict-
able crop ~)ing pre ' sure on small animals which reduces the 
pr6bability of their competitive exclusion. 
The evidence from these studies suggests, that 
predation increases the diversity of the prey. 
(\q&.:t). . th ff t f i Howev.er Harper Aln reviewing e e ec s o graz ng 
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in grasslands states that no general conclusion can be 
drawn as to the effects of predation on diversity. "The · 
·creation of hoof marks and local deposition of dung in 
large patches as from cattle or in latrines as in the case 
of rabbits, produce local variations in soil conditions. 
This type of heterogeneity may itself explain some of the 
species diversity in the habitat." (Harper, 1969; pg.56) 
Day (1977)investigating the species richness (index 
of species diversity) of se~sile organisms on settlement 
plates on a coral reef, observed two effects. At one site 
the species richness of sessile organisms was decreased as 
a result of non-selecting feeding behaviour by fish. At a 
second site where feeding was more selective, predation by 
fish increased species richness. 
Furthermore Emlen (1973) has proposed that although 
moderate rates of predation will lead to an increase in 
prey diversity, higher rates of predation should reduce 
the diversity of prey organisms. 
Clearly the mechanisms by which predation affects 
the distribution and abundance of species within a natural 
community are not well understood. The observed differences 
in the effect of predation on community structure suggest 
that predation is ncit just a ~imple interaction between 
organisms, but may itself be governed by other factors. 
In addition, perhaps physical interactions play a more 
dominant role in determining community structure than was 
originally supposed. Connell (1976) stated that the 
physical environment could only affect the intensity of 
such interactions, but not when they would occur. 
Little experimental work bas been performed in the 
field to determine the effect of natural physical dis-
turbance on the organization of species populations, 
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within a community. Dayton (1971) has shown that physical 
variables such as wave exposure, battering by drift logs 
and dessication have important effects on the distribution 
and abundance of many sessile species in the rocky inter-
tidal community. In particular wave exposure and dessication 
have major influences on the distributional patterns of all 
the algae and of the anemone Anthopleura elegantissima 
which he studied. The effect of wave impact on the biology 
of two mu~sels, Mytilus edulis and Mvtilus californianus 
has been investigated by Harger (1970). His results 
indicated that several trends in the morphological charac-
teristics of 8ea mu~~els can be linked with changes in 
wave impact. 
Kitchi~ et tl• ( 1966) transferred Thais lapillus from 
a sheltered to a wave-beaten area and also moved them 
within the wave beaten site as a control. More of the 
Thais, from the wave beaten site maintained their position. 
Reciprocal tran~fers to sheltered ar~as showed that, Thais 
from the wave beaten areas could survive the quieter con-
ditions, provided they were protected in cages from predation 
by crabs. Thus in less physically disturbed communities, 
prey populations are subjected to an increase in predatory 
action. 
Other work in the field of physical disturbance, and . 
its effect on community structure, have tended towards the 
theoretical implications of stnbility and predictability 
in the environment. Sanders (1968), Slobodkin and Sanders 
(1969) and Grassle and Sanders (1973~ have argued that 
physical instability in an environment prevents the 
establishement of diver~e communities. However if 
physically stabl~ conditions persist for a longer period 
of time, speciation and immigration will cause species 
diversity to increasy gradually as the member ~pecies 
become biologically accommodated to each other. Basic 
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to this view is the idea that each species must occupy an 
increasingly narrow, specialised niche. This line of 
think~ ng, although productive in many respects, tends to 
get entangled up with the semantics of stability and 
predictability. As well as this there is a general lack 
of evidence to support this hypothesis. 
In summary, the effects of predation and natural 
physical disturbance on the distribution and abundance of 
organisms in a community are not well understood, due to 
a lack of experimental evidence. 
The present study attempts to determine the relative 
importance of each interaction to community structure. This 
is achieved using a set of ~ettling panels (consisting of a 
control cage and an experimental cage) immersed at two study 
sites, of differing exposures. The experiment~l design of 
this project and the conditions under which the experiment · 
was performed, are discussed in the section: Methods and 
Materials. NBtural physical disturbance is shown to be 
the most important determinant of community structure, in 
the results of this project. And this will be discussed in 
relation to the present theories of community organization. 
This study, is therefore not only concerned with 
hypothesis testing but also hypothesis generation, and as 
such is an extension of Elton's concept of what an ecol-
ogical project should be. 
"The ultimate goal of an ecological survey should be 
to discover and measure tte main dynamic relations between 
all organisms living on an area over some period of time" 
El ton (1966, pg 4.1) • 
• 
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The Use of Settling PlRte Techniques 
The problem of controlling marine fouling - the growth 
of marine plants and animals on submerged surfaces - has 
been and still is, of considerable importance especially to 
shipowners, harbour authorities and many commercial organiz• 
ations. Each has had to face the difficult task of main-
taining ships or underwater structures in a state of service-
ability and efficiency, which involves the expenditure of 
large sums of money in cleaning and preventive measures 
(Ferguson-Wood and Allen, 1958). 
In answer to this complex problem, biological studies 
have been made on these organisms to learn in detail, their 
life histories, particularly with regard to their time and 
stage of settling. Other research has examined their 
reactions to toxic elements in anti-fouling paints and to 
understand the reactions of each organism to others in the 
fouling community. These studies have used experimental 
techniques which: 
1. Simulate the surfaces of submerged objects and 
thus act as a settling medium, on which the sessile 
organism will grow. 
2. These media are moreover amenable to experimental 
manipulation. 
This was first achieved using concrete test blocks 
immersed in water by Coe (19 ?2), who was investigating the 
succession of settling organisms on surfaces. Later studies 
(Coe and Allen,1937; Isham, Moore and Smith, 1951t Wisely, 
1958) .however used the simpler technique of 'fouling pane ls 1 
to examine the settlement of marine fouling organisms. 
This method involves immersing flat panels in sea 
water and allowing organisms to settle on them. The panels 
are collected after a specified period of immersion, and 
are examined, noting the species of organisms present, 
their size, abundance and distribution. 
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Fouling· panels are used because: 
1. They are light and easy to work with under 
water. 
2. Once collected, they can be easily stored in 
a preservative solution, to await analysis. 
3. By placing them in racks (a method used by 
Ferguson-Wood and Allen (1950 ) a number of panels(provid-
ing a large surface area for analysis) can be used for the 
one experiment. 
More importantly, fouling panels, can be experimentally 
manipulated, so that the effect of a specified variable on 
the settlement of sessile organisms can be measured. Wisely 
(1958) demonstrated this when he used panels of various 
surface textures (such as bakelite, glass, perspex, and 
wood) and colours, to determine wheth er the nature of the 
settling surface, influences the settling behaviour of 
marine fouling o.rganisms. He further studied the effects 
of depth, temperature and salinity, on marine settling by 
. using similar carefully controlled experiments. Therefore, 
the use of fouling panels has provided an accurate method, 
for measuring directly the dynamic relations between 
fouling organisms and their physical and biological 
environments. 
Connell (1972 a) states that the aim of many 
'community' ecologists is to discover and measure the main 
dynamic relations between organisms living on an area over 
some period of time. Most studies have not got past the 
first stage of identifying and descrjbing the community, 
because of the great problem of sampling and taxonomy 
(Fager,1963). Even then the direct measurement of dynamic 
relations is difficult. Such direct measurement is 
possible with the u~ e of 's ettlement' (fouling) plate 
techniques. For as is the case with the marine rocky 
1 1 
intertidal habitat, the settlement plate organi~ms have 
been studied for a long time and the species are well knowno 
Because many of th~ common species are ses~ile or slow 
moving, and are not hidden in the substrate, their abundance 
and other population characteristics can be estimated 
readily. (Connell,1972 a) Lastly the settling plate 
organisms are amenable to experimental manipulation, since 
their abundances and distributions may be altered by a 
variety of biological and physical variables; which have 
been recorded by marine fouling studies. With experimental 
settling plate methods, the trick is to make sure that all 
environmental variables, except the one being tested, vary 
in the same way and to the same degree on both experimental 
and control sites. If enclosures are used in the experiment 
then these and other effects can be taken into account in 
the final interpretation of the experimental results. 
In order to measure the dynamic relations between 
organisms and the environment Connell (1972 b) has 
suggested, that one must look either for correlations 
between changes in the abundance~ and distributions of the 
co-existing organisms or else make the change~ experimentally 
using replicates ~nd undisturbed controls. The recent 
research of Day (1977) has shown that through careful 
design, 'settlement' plate techniques are very useful 
field experiments, for revealing the effect~ of biological 
and physical interactions, on 'how organisms live together', 
- Connell's (1972 b) definition of "community structure". 
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Study Areas 
In order to examine the effect of natural disturbance 
on the species diversity of a community, two study areas 
were chosen, which exhibited contrasting degrees or 
environmental exposure. The experimental design of this 
project required that two important factors be taken into 
account, when the locations of the study areas 'Were 
selected. These factors are: 1. Larval Source Influences; 
2. Intrinsic Water Conditions. 
1, Laryal Source Influences 
The measurement of the effects of natural disturbance 
on species diversity was performed using settling plate 
techniques, which have been outlined previously. 
Consequently the species of marine animals involved in 
the analysis of the exposure variable can be generally 
describeda; sessile organisms. These animals are commonly 
seen on the pylons of wharves and are also the fouling 
organisms on the keels of ships etc. They consist or 
various species of barnacles, ascidians, hydroids, sponges, 
entoprocts,ectoprocts and polychaetes. The life cycle or 
these various organisms displays a free swimming larval 
stage. Throughout this phase the larvae are carried by 
'Water currents, until they find a suitable habitat (in 
this case a settling plate), to which they attach and 
develop into a more mature form. It is particularly 
important to sessile animals, that a site is chosen 
which is appropriate to the needs of the adult. Indeed 
Houghton (1968) states that the cypri~ stage of the 
barnacle, on encountering a suitable surface will 'walk' 
over it on the tips of its antennae, and may spend a 
considerable time in exploring it before settling. It 
' may well deta.ch and return several times to the surface 
during this period. 
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Since the settlement of these organisms depends upon 
their larval phase, then the success of this experi.ment 
requires that both study areas be subjected to similar 
sorts of larval species: hence the term 'Larval Source 
Influences'. The study areas therefore, need to be 
located in the same environment,in this case a coastal 
marine environment, so that each area is bathed by the 
same larval pool. This requirement becomes clearer, if 
we consider a comparison between two sites, one in a 
sheltered estuarine area, and the other in an exposed 
open ocean location. An analysis of the species of larvae 
present in the estuarine site, would show not only a 
population of marine species as is the case in the open 
ocean environment, but also a vast new array 
which can tolerate wide ranges of salinity. 
(1968) found that the barnacle B.improvisus 
water, with salinities ranging from 3-30 °; 
of organisms 
Houghton 
can live in 
oo, and is 
referred to as being euryhaline. Thus the larval pools 
for both areas are extremely dissimilar. 
The idea of a species pool is diagrammatically 
explained in Fig. 1 where the large circle encloses 
a particular general environment which contains a larval 
species pool, designated by the numbers (1, 2, 3, 4, & 5). 
Circles A and B represent areas within that environment 
which possess for example, differences in exposure. 
Hence both areas are subjected to the same species of 
larvae. Environments A and B although located in the 
same species pool, could conceiveably affect the 
settlement of inflowing larval species, in the manner 
suggested by the diagram, as a result of their contra~ting 
exposures. Species variations do occur however, in 
larval distribution due to changes in water current 
14 
Fig. 1 • 
' ' 
LARVAL 
POO.L 
1,2,3,l+,5. 
The Larval Species Pool: 
3 A2 
Circles A and B represent areas or different exposure 
within the one environment. (bounded by large circle) 
Areas A and B have the same larval inf low from the 
general larval pool. 
Due to differences in exposure; - species 2 & 3 
settle in area A. Species 1, 4 & 5 settle in Area B. -
species 1 & 2 unable to find a suitable habitat in Area 
A or B flow back into larval pool. 
The small arrows indicate that the species unable to 
select a suitable habitat either die or settle, and are 
quickly outcompeted by a more proficient inhabitant. 
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movement. This causes the patchy settlement of organisms 
throughout an area (Moore,1966 ; Connell,1974 ).Fluct-
uations of this type can be reduced if areas A and B are 
situated in close proximity to one another, furthermore 
any minor differences between areas, in terms of larval 
distribution can be taken into account in the analysis of 
the plate results. 
Consequently although both areas receive the same 
inflowing larval species, the settlement of organisms is 
different, between the two areas, and would be clearly 
evident upon examination of the experimental plates. 
~· Intrin§ic Water Condj.t;iqns 
Dayton (1971) has shown that natural physical dis-
turbances not only affect the growth and regulation of the 
component population in a community by interacting with 
species in the community, but can also have major influ-
ences on the distributional patterns of sessile organisms 
in the rocky intertidal habitat. However physical dis-
turbance 1s not the only factor which can influence the 
distribution of species in a marine habitat, as certain 
properties of the marine environment itself, are capable 
of changing the activities of many marine organisms. 
These properties are a characteristic attribute of marine 
waters and are the~efore referred to as 'Intrinsic Water 
Conditions'. They are: {A) Differences of penetration 
and absorbtion by solar radiation. (B) Gradients of 
temperature. {C) Gradients of salinity. 
These factors do not generally occur independently of 
one another, but usually vary together. Tait (1972} has 
suggested that the distribution of a species is associated 
with a complex of variables and that it is not easy to 
assess the role of each independently. Each of these 
three parameters is of signigicant importance throughout 
the marine environment, for example: 
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(A) Differences of PenetratiQD and Absorption by Solar 
Radiation 
Light is of great biological importance as the source 
of energy for photosynthesis. Primary food production in 
the marine environment is hence confined to the illuminated 
surface layers of the ~ea. Those areas that have minimal 
penetration by solar radiation therefore tend to be species 
poor areas. (Tait 1972). 
(B) Gradients of Temperature 
The continual circulation of the oceans and the 
ability of large water masses to absorb heat, ensures that 
the temperature variations in the sea are relatively small 
(some 30 - 35°c between polar and tropic regions) as 
compared to terrestrial temperature differences (Moore 
1966). However, marine plant and animal communities can 
be most responsive to small changes in water temperature. 
This results in the distribution of marine populations 
throughout the world, a noteable example being the 
development of coral reefs in warm water regions. 
rol Gradients of Salinitz 
Sea water is a complex solution and its composition 
is determined by an equilibrium bet11Jeen input and output 
r~.tes of various solutes. Changes in the composition of 
the ocean tend to be minor and of short duration, although 
pock~ts of extremely saline water do occur. Regions or 
enclos8d salt water, which are shallow and have high 
surface temperatures and insufficient water circulation 
have salinites as high as 250 parts per thousand. The 
number of species in these areas are consequently 
severely limited. Whittaker (1975) states that the Great 
Salt Lake in Utah is such a body of water with ~alinity 
over 200 ppt and a fauna limited to the brine shrimp, 
(Artemia salina} and the syrphid fly larvae (Ephedia) 
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'Intrinsic Water Conditions.' are thereofre an important 
determinant of species distribution in the world marine 
environment. 
With the use of settling plate techniques however, 
depth, temperature and salinity also become important 
factors which can effect greatly the settlement of sessile 
animals. The larvae of the plate organisms are adversely 
affected by any small scale changes in water conditions. 
Wisely (1958) in his work on the factors influencing the 
settlement of marine fouling organisms, found that for 
Sydney Harbour, depth (i.e. the amount of light 
penetration into the water layers), temperature and 
salinity wer.e important factors in determining the 
settlement of marine organisms on settling plates. His 
experiments showed that; 
1. there was a tendancy for greater species 
diversity to occur with an increa~e in depth down to 6 
feet, the lowest level tested. 
2. Whereas in the 'tropics', settlement seems 
to occur all year round (temperature range 20°-30°c) the 
settling of many organisms in 'temperate' waters 
(temperature range 15° - 25°c) seems largely confined to 
the warmer months. Therefore small differences in water 
temperature of only 4 - 5° can provide fluctuations in the 
number of species of settling organisms present in a 
marine community. 
3. Changes in the salinity of surface seawater 
can be quite variable from month to month, although average 
salinity readings are approximately 35°/ 00. · Wisely (\95~) 
observed in Sydney Harbour that salinity was apparently 
normal compared to the average salinity measurement, 
however, low monthly averages of 25°/ 00 and 27°/ 00 were 
recorded in February and March 1956. This was due to the 
exceptionally heavy rainfall in that particular period. 
As a result of this, numerous species of entoprocts, 
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ectoprocts, barnacles and ascidians were obs erved dead 
intertidally in several parts of the harbour. Thus the 
salinity of surface seawater is affected by abnormally 
high rainfall either directly as precipitation or as fresh 
water inflow from streams under flood conditions. The 
extent of surface seawater dilution by high rainfall 
becomes clearly evident when it was recorded (C.S.I.R.O. 
Aust. 1956) that the "dilution of New South Wales coastal 
waters by fresh wat ers reached a maximum (for C.S.I.R.O. 
·records of the preceding 14 years) in March 1956 when 
diluted coastal waters down to a depth of about 20 metres 
were recorded from Evans Head to the Eden stations. Off 
the north coast of New South Wales, the dilution in this 
month corresponded to about 15 per cent introduction of 
river water". 
Since the above mentioned factors affect the settle-
ment of se~sile organisms on experimental plates, in an 
adverse manner, then both study sites needed to be located 
in areas with similar 'Intrinsic Water Conditions'. 
Thus the major determinant for the location of the 
~ tudy areas in this project has been due to the factors 
described as 'Larval Source Influences' and 'Intrinsic 
Water Conditions'. There is a need at this point to 
em ~hasise that not all these ecological variables can be 
directly measured, particularly with regards to 'Larval 
Source Influence~'. Although the selection of. the 
suitable areas was controlled by the above criteria, 
these variables were generally only approximated using 
visual observations ·and past records. 
The two study areas chosen, for the project, were 
located at 1. Bass Point and 2. Wollongong Harbour, both 
of which are located in the Illawarra region near Wollon-
gong some 60 kms south of Sydney. (see Fig. 2 ) 
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Fig. 2. 
Map of the Illawarra Region 
showing study site locations: 
for Bass Point and Wollongong 
Harbour. 
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1. Bass Point is completely exposed to the oceanic swells 
and wave action of the Pacific Ocean. (see Fig.3 ) The 
point itself is some 3kilometres in length and is of 
volcanic origin. The mining of basalt in this area is 
carried out by Pioneer, as shown on the map, and the most 
convenient site for the use of settling plate experiments 
was considered to be the jetty owned by this company. 
See photographs (Fig5. 4 and 5) This location was chosen 
as it provided; 
(A) a means of attaching the plates, using the jetty 
pylons as support. The depth of water at this site being 
approximately 9 metres. 
(B) an easy means of access to the plates, to check 
the condition of the plates and to perform any types of 
maintenance particularly after heavy storm activity: 
(C) a suitably secure location which would be free 
from the general public, and hence free from human 
interference of any sort. 
2. Wollongong Harbour compared to the oceanic 
conditions of Bass Point is a sheltered site. This harbour 
is used primarily by the fishing fleet of Wollongong, and 
also by the local yacht club because of its calm anchorage 
sites. Originally the harbour was only a small cove 
protected by Flagstaff Point, however the harbour has 
since been further protected with the addition of two 
breakwaters, (see Fig. 6 ) both of which occlude heavy 
on-shore swell and storm conditions. The harbour entrance 
is nevertheless large enough (being 63 metres) to allow 
waves to enter the harbour, thus ensuring good circulation 
of water in the basin area behind the breakwaters. A site 
on the northern side of the remains of an old derrick 
stanchion was first selected as the most suitable site for 
the location of the settling plates. (see Fig. 7 and8: 
photographs of sites). However this site was susceptible to 
21 
. 50• 
""·~ . 
\ 
. 
> 
! 
I 
~10 fathoms, 
~ 
Jetty 
site 
fathoms 
0 
0 
BASS POINT: 
Fig. 3. 
A map of the Bass Point peninsula, 
showing the study site underneath 
the Pioneer jetty. 
platfor~ 
/ ' 
/ 
s 
Scale 
-!mile 
o.8 kilometre 
22 
Bass Point Fig. 4. 
The Bass Point Jetty Fig. 5. 
Photograph of Bass Point jetty showing conveyor belt 
loader and docking area. The plates are situated in 
between the first set of pylons on the left, with the 
second Pet of plates between the next set of pylons, 
further south (not fhown). The photograph was taken in 
strong westerly wind conditions. 
BREA KWAT F.,'R 
FIS ING 
CO OP. 
FLAGSTAFF 
POINT 
Scale 
0 140 metres. 
Fig. 6. 
Map of Wollongong Harbour showing the preliminary 
site (1) and the final experimental site (2) used 
for the project. 
1: 
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Wollongong Harbour. Fig. 7. 
SITE 1 Wollongong Harbour (looking south with the derrick stanchion 
in centre picture): The preliminary site is in the foreground. 
Wollongong Harbour. Fig. 8. 
SITE 2 Wollongong Harbour (looking north).The second site chosen for the 
experiment is in the foregroun d , 1 metre in front of the derrick stanchion 
with the harbour entrancP- directly behind. 
strong swell conditions in times of storms, with the result 
that two sets of plates were lost, persumeably being 
dragged out to sea. On the southern side of this stanchion 
a more protected site was found, which was sheltered from 
any incoming swell waves by the derrick structure itself. 
The area was therefore in a 'wave-shadow' and had a depth 
of 5 metres, it further provided an easy means of access 
for inspection and maintenance purposes, although it was 
more liable to human interference. 
Bass Point and Wollongong Harbour although dissimilar 
with regards to physical ·exposure were chosen because 
their general environments in terms of 'Larval Source 
Influences' and 'Intrinsic Water Conditions' were markedly 
alike. 
A visual inspection of the types of marine communities 
already present on the sides of pylons, buttress walls, 
ramps and jetties in Wollongong Harbour showed very similar 
growths of barnacles, ascidians, Galeolaria, calcareous 
algae, many forms of weeds, limpets, starfish and crabs to 
that of Bass Point. In no section of these two areas were 
large patches of organisms observed to be dead. This 
evidence suggested that: 
• {A) Wollongong Harbour supported a natural marine 
community, as did Bass Point. 
(B) Both areas were subject to the same larval 
species pool. 
{C) The areas were free from any destructive 
pollutants. 
(D) The salinites for both areas were the same. 
(No quantitative estimate of salinity was taken, since 
both areas were strongly marine influenced, and were not 
located in or near any estuarine or freshwater outlets, 
which could cau~e salinity dilution effects). 
26 
Water temperature readings were obtained from D.J. 
Clarke, Mathematics Department, Wollongong University. 
(see Fig. 9 ). They showed that there was no significant 
difference between readings taken inside Wollongong Harbour 
as compared to those taken at Bass Point. Thus temperature 
readings for the two study areas were considered to be 
identical. Although both sites were near to some form of 
commercial industry, they were not affected, as the sites 
were in areas of good water circulation and were deep 
enough to be free from any turbulance caused by shipping. 
The distinction in physical conditions between Bass 
Point and Wollongong Harbour is due to two main physical 
factors. 1. Wind Exposure and 2. Wave Exposure. 
These physiGal factors tend to be greater at Bass 
Point. They have their maximum effect when combined 
.·, ·: 
together in the winter storm conditions, which .are prevalent 
along the Illawarra coastline from the months of May to 
September. 
1. Wind Exposur~ 
Wind is important as the force involved in the gen-
eration of water waves and water circulation, the major 
proce~ses which create natural physical disturbance in a 
marine environment. Wind conditions of the Illawarra 
region are largely governed by the pattern of eastward 
moving anticyclones. Eliot ~ .!!..!. .(1976) have stated that 
because of this eastward movement of anticyclones a 5 - 6 
day periodicity of wind direction occurs, which is repeated 
with the arrival of a new anticyclone system. The direction 
and strength of wind, therefore depends on the location of 
each anticyclonic centre with respect to the Illawarra 
Region. During the summer months, when the anticyclonic 
centre is well to the south, wind direction is largely 
south-easterly, easterly, In winter however, large anti-
cyclones are often located over central Australia so that 
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Mean monthly water temperatures for Bass Point and Wollongong 
Harbour. 
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the wind direction sequence isfrequently south-westerly, 
westerly. Thom et al.(1973) report that given the location 
of anticyclonic centres for summer versus winter, it is 
expected that lesser pre~sure gradients would occur over 
south-east Australia in the summer period. Accordingly 
wind regimes would be more severe along the Illawarra 
coastline in winter. 
Personal observations as to the effect of strong 
westerly wind action, revealed strong water disturbance 
down to a depth of 7 metres at Bass Point. Wollongong 
Harbour in the same conditions, is affected only by surface 
turbulance. Photographs taken on the same day during a 
period of strong westerly winds clearly show the differences 
in water conditions between the two study sites (see f'u:!'" 5 .as). 
2. Waye Exgosure 
As the settling plate experiment was undertaken in the 
winter, then the principal factor of study area exposure is 
in terms of storm action and thus wave effect. Bass Point 
receives heavy wave action in storm conditions because of 
its exposed location. Observations from the end of the 
jetty during storm activity have recorded waves as high as 
2 - 3 metres, reaching heights of 3.5 - 4.5 metres nearer 
to the shore in sballower water. Whereas Bass Point is 
physically battered by wave activity, Wollongong Harbour 
although far more protected from wave action is subject to 
the inf low of sea water, forced through the harbour ent-
rance by wave pressure. This has been observed to set up 
water circulation patterns in the harbour, with any 
refract ~~d waves being propagated as swell waves. Bass 
Point is therefore, a more physically disturbed area than 
Wollongong Harbour. 
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Methods And Materials 
Flat sandblasted perspex plates measuring 305 mm x 
305 mm were used to obtain samples of the organisms which 
settled at Bass Point and Wollongong Harbour. Sandblasted 
plates were used, as previous fouling plate experiments 
had shown that roughened surfaces, provided the best 
medium for attachment. (Corlett, 1948 J Houghton, 1968 \ 
Day, pers. com. ;Wisely, 1958). In order to increase the 
available surface area which could be used for settlement, 
the plates were designed to rotate vertically in the water 
currents. This is because horizontal settling plates 
suffer from two effects, which cause differences in settle-
ment between the two sides. 
(1) The upper surface of the plate, acting as a shelf, 
accumulates sediment from the water. Observations have 
shown this to have a detrimental effect on settling organ-
isms, particularly filter feeding animals, which suffer 
great mortality, if sediment particles interfere with their 
efficient feeding mechanism . (Connell, 1972 G ;Millar , 1968 ) • 
(2) Variations in light conditions also prevail if 
settling plates are horizontal. The upper surface is more 
illuminated that the lower surface, which is cast in 
shadow. A comparison of settlement on the light and dark 
sides of the same plates by Wisely (1858) showed that five 
out of six organisms settled significantly on the dark 
side. Gregg (1945) has shown that for cyprid larvae, a 
decrease in general illumination around the collecting 
surface was accompanied by an increase in settlement. This 
fact led him to suggest that "shading" acted as a stimulus 
which brought about favourable physiological conditions for 
the attachment of these larvae. 
Consequently the use of vertical settling plates 
overcomes the problems associated with light and sediment 
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effects and allows both sides of the plate to be used in 
the experiment. Four settling plates, providing a total of 
8 sides were attached to a metal framework cage as illust-
rated in Fig.10. By having the plates suspended from the 
centre, they were free to rotate through 180°, and to 
follow the direction of the prevailing water currents, 
very much like a wind vane. This method gives both sides 
·, of the plate equal opportunity for settlement to occur. 
In the case of fixed vertical plates, the side which faces 
into the major currents is the dominant settling side, 
whereas the sheltered surface, due to wave edge effects, 
is poorly settled. 
To measure the effects of predation, two different 
cages were designed for each study site. One case was 
enclosed by 10 mm chicken mesh to exclude fish. This was 
the experimental cage. (see Fig. 11 ) The second cage (the 
control cage) which was open to fish grazing, was covered 
by a 90cm length of chicken mesh along two of its sides. 
(see Fig •. 11 ) This design f~atur e was incorporated to 
simulate the current effects present inside the experi-
mental cage, which is caused by water movement through the 
holes in the mesh. These internal conditions could cause 
differences in larval settlement between the control and 
experimental cages, if they were not standardised for this 
effect. Each cage was further covered by a black plastic 
hood, which reduced the amount of light inside the cages: 
Settling ·. plates which are well illuminated are quickly 
overgrown by a variety of algae, (Day,pers. com.) and the 
identification of any attached sessile organisms is very 
difficult. Since the project was not concerned with the 
species of algae present, they were discouraged from 
establishing, by reducing the effect of light. 
This technique is equivalent to having set the cages 
deeper in the water. 
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attachment whicp allowed the plates 
to swing 180°. 
Fig. 1 o. 
Settling plate design with 4 vertical settling 
plates and with supporting framework: 
32 
Black Plastic Hood 
Mesh 
door 
used f o 
maintenance 
Mesh screen . 
on side 
of cage 
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EXPERIMENTAL CAGE 
CONTROL CAGE 
Wire mesh (10 mm) 
enclosing cage. 
plastic hood 
Settling plates 
A diagram of the two cages used at eachstudy site. 
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In summary the experimental design of this project 
consisted of: 
1. Two study sites which were of different environ-
mental exposures. 
2. Two cages at each study site: an experimental 
cage (which was enclosed and excluded fish) and a control 
cage (open to fish predation). 
3. Four experimental settling plates per cage. 
This design was planned so that the plate results could 
be interpreted usingl 
A. Statistical methods: Since there arefour 
statistical designs 1.e. 1. Caged: Bass Point. 2. Un-
caged: Bass Point. 3. Caged: Wollongong Harbour and 4. 
Uncaged: Wollongong Harbour; and each design has equal 
cell sizes, then a two-way analysis of variance, (ANOVA) 
or a multiple linear regression analysis could be per-
formed. 
B. Pattern Analysis: which will be discussed 
later: 
At Bass Point the experimental cage was secured under-
neath the jetty between the first set of pylons, at a 
depth of 7 metres as shown in Fig. 12. The control 
cage was fastened between the second set of pylons, in the 
same manner as the experimental cage. Wollongong Harbour 
with a depth of 5 metres was shallower than the site at 
Bass Point. This difference in depth, and hence illumin-
ation, was overcome by siteing the cages within the shadow 
produced by the derrick stanchion, (see Fig. 13) which 
gave light conditions, approximately equal to that of the 
Bass Point site. Both cages at Wollongong Harbour were 
secured to the sea bed (a depth of 5 m) using metal stakes 
and a chain attached to the stanchion itself. 
Rope 
Sea bed: 
St el rope 
~l-----r--saf ety chain 
Pylon 
Fig.12. Diagram showing method of attachment of experimental 
cage, under Bass Point Jetty at a depth of 7 metres. 
Fig.13.Looking down, from above the derrick stanchion showing 
the position ·or the two cages. 
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Derrickstanchion 
Experimental 
cage 
A preliminary set of panels were immersed at Bass 
Point for seven weeks, they were then collected and 
preserved for sampling. Initially, the method used for ·-· 
analysing these plates, was to count the number of individ-
uals of a species, per cage. This method produced three 
results: 
1. All the plates at Bass Point were similar in that 
they had very few species of settled organisms on them. 
2. The species of animals present on the plates 
generally consisted of hydroids, which Day (1974) describes 
as: colonial or solitary animals, often with a ring of 
tentacles around a large mouth and attached to rocks and 
other hard substrata. They vary in size from microscopic 
solitary polypes, to branching colonies several feet in 
length. These species of hydroids tend to be one of the 
first colonisers of any new surface. 
3. Due to their minute size, individuals of one 
species of hydroid, were found to number 8,ooo on one side 
only. Counting these individuals was therefore a time 
consuming operation. As well as this, any small scale 
changes in settling organisms, between the cages, would be 
overshadowed by the vast numbers of hydroids present on 
the plates. 
The preliminary plate analysis produced two con-
clusions: 
A. That any method involving the counting of 
individuals of species was inadequate, because it is time 
consuming and produces an 'affected' pattern. 
B. Immersion time for the plates was too short. 
Plate studies undertaken in Sydney Harbour, in the 
summer by .L. Vail, Sydney University, have shown that an 
immersion period of two months, provides an abundance of 
sessile species. However plates submerged in the winter 
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season are influenced by the slower settling rates of these 
animals, and consequently a longer immersion period of 3 -
4 months was probably needed. 
Therefore settlement panels at both sites were 
immers~d for three mo~ths and three days, they were again 
collected and preserved for sampling. During this period 
of submergence the galvanised chain attached to the plates 
suffered serious corrosion. As a result, several panels 
within the cages tore loose from their brackets and 
dropped to the sea floor. They were reattached to their 
mountings when the cages were checked each week. This 
problem was overcome by replacing the rusting chain at 
regular intervals. 
Three experimental plates, giving an effective surface 
area of 4,870 cm2 , were sampled from each cage. Areas 
within 10 mm of the edge of each panel were not censused, 
so as to reduce edge effects. Before analysing the plates, 
they were dividedhorizontally into three equal .quadrats 
tor each side. This gave eighteen quadrats for each cage 
and a total of seventy two quadrats for the entire experi-
ment. In sampling the plates only the presence or absence 
of species was recorded for each of the quadrats. 
This method was used, since Done (1977) has shown 
that, little difference is found between classifications 
which use either measured or graded data. Settling 
organisms which were not recorded in th e plate census 
included: 
1. ALGAL SPECIES, which were too small and 
numerous to identify. 
2 • NON-ATTACH1D FRl~E MUVING CJRGANISMS, such as 
Amphipods and active polychaetes (Polychaeta Errantia), 
which detach from the panels when preserved. 
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The total number of species recorded for the experiment 
was twenty nine and species were given numbers when ident-
ification was not possible. 
Metbod of Analysis 
Pattern Analysis 
The method of analysis chosen for this project, was 
not used as a rescue operation. Pattern Analysis was used, 
since it fulfilled the function of both; 
(A) Hypothesis testing: (i.e. testing the hypothesis 
that the variables being examined, have produced a certain 
pattern in the data. 
and (B) Hypothesis generation; (i.e. the extration of 
pattern, unexplained by the variables tested). 
Furthermore, although the quadrats in the experiment 
bear some resemblance to statistical samples, they are in 
the statistical sense, only representatives of the popu-
lation being tested. (Williams 1976). Statistics, there-
fore do not strictly apply in this situation. 
Re~ults from the sampling provided me with a set of 
data containing seventy two quadrats, each with a list of 
the organisms which were present or absent for all the 
twenty nine species recorded for both study sites. In 
' ' terms of Pattern Analysis terminology these quadrats are 
referred to as individuals; using the specific data 
(presence/absence of species) contained in each quadrat 
as attributes. 
The most valid question which can be asked in terms 
of this data, is as Williams (1976: pg. 127) proposes."If 
there are major discontinuities in this set of data, where 
are they to be sought?" This question can be answered 
using the techniques of 'pattern analysis', - a term 
which was first used by Greig-Smith (1961) for a partic-
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ular form of analysis which he had devised for use in 
plant ecology. It was first used in the agricultural 
field, notably by Williams and Gillard (1970), since then 
it has taken on a broader meaning, covering any technique 
of classification or ordination. Such classificatory 
strategies applied to a large amount of data buried within a 
mass of unnecessary detail "define an intermediate level 
of information, which is sufficiently economical to be 
quickly grasped by the human mind" (Williams (1976) pg. 76:) 
A review of the literature, shows the increasing 
importance placed on numerical classifications, by other 
workers in the analysis of ecological data. Recent 
literature spanning many fields includes - Cassie and 
Michael,1968; Jones,1969; Lie and Kelley,1970; Day 
Field and Montgomery,1971;on benthic studies: Field and 
McFarlane,1968; Field and Robb,1970;on intertidal biotas: 
Colebrook,196~\ Sbeard,19651Brown,19691and Thorrington-
Smith;1971;on plankton analysis. 
Different classifications are used depending on the 
intended purpose of the analysis. In this project an 
agglomerative, polythetic classification was undertaken, 
which progressively fuses together individuals (samples) 
(using a system, that groups together those individuals 
which on average are most alike), and thus ending up with 
the complete population. A classification of this type 
has two disadvantages. Firstly to establish the complete 
hierarchy from individuals to population, requires a large 
number of fusions, equal to (n-1)2 (where n is the number 
of individuals in the population): if n is large this 
may take an unacceptably long computation time. Secondly 
an agglomerative system is very likely to misclassify 
individuals,since the process begins at the inter-indiv-
idual level where the greatest possibility of error is 
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involved. These disadvantages are overlooked, since the 
classification, produces intense clustering, which to 
quote Williams (1976 pg. 124) will "sharpen up the system 
> and render distinct that which is indistinct 11 • 
'MULTBET' (Lance and Williams,1967) a non-combinatorial 
information-statistic com puter program was used for the 
analysis of the plate census data. It is an agglomerative 
polythetic program which has provision for missing values 
and uses binary (presence or absence) data. In the past 
it has been regarded as the best general-purpose class-
ificatory program. Three other programs were also run in 
' t conj unction with MULTBE.'T. · These programs were: 
1. A diagnostic program; 'GROUPER' (Lance ~ !.!:· 1968) 
which using the output from 'MULTBE.'T; ,.rill calculate the 
contribution of each attribute, in causing the formation 
of these groups. 
2. An ordination program; 'GOWER' (Gower,1966) which 
performs a principal co-ordinate analysis of the data by 
reducing the dimensionality of the system, with as little 
loss of information as possible. In this project, there 
are 72 individuals or quadrats which have been defined by 
a set of 29 attributes, this set of date cannot be dis-
played since there are more than three attributes (hence 
three dimensions). In reducing the dimensionality of the 
system the information from this set of data is expreEsed 
in terms of vectors or components. 
3. Another diagnostic program 'GOWECOR' (Lance,~ 
al.1968). This program uses the basic data and set of - • t vectors from GOWER. 
correlates the vector 
numeric attributes. 
It lists the vectors and then 
against each of the original 
A summary of the computer analysis is as follows: 
1. 'MULTBET: which classifies the data. 
2. 'GROUPER': provides a diagnosis of how the 
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classification comes to be as it is. 
3. 'GOWER; provides an ordination of the same data. 
4. 'GOWECOR: obtains a comparable diagnosis of the 
ordination. 
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Results 
A final data set representing the presence and absence 
of the 29 species over 72 quadrats, was prepared in machine 
readable form. Appendix A and Table 1 show the species and 
quadrats respectively. 
The quadrats were classified and ordinated as discussed 
in the previous section. Diagnostic analyses of the result-
an~ classifications and ordinations were performed, also as 
previously discussed. 'MULTBET 1 classification results are 
printed as a hierarchy or dendrogram - a convenient term 
first coined by Mayr, Linsley and Usinger (1953). This is 
a visual representation of the successive fusions as we 
pass from the individuals to the complete population. See 
Figurea14 for the 'MULTB1T'classification: 
An examination of the classification reveals that: 
A. the quadrats have been split into two main groups 
(Group Numbers' 141 and 142) corresponding to the two study 
sites of Bass Point and Wollongong Harbour. See Table 2. 
B. Those quadrats located within the Bass Point 
cluster have been further divided into two groups (Group 
Numbers' 1l+O and 137) coinciding with the experimental and 
control cages. See Table 2. 
c. The Wollongong Harbour quadrats were also divided 
into two groups, though not in terms of the cage type. One 
gro~p (Group Number 134) corresponded to those plates which 
bad not detached from the cages during the experiment, 
(good plates). Plates which had broken loose and consequent-
ly suffered damage, due to sediment accumulation (bad plates) 
\ I 
comprised the other group (Group Number .138). As the MULTBET 
classification has a provision for missing values, the pro-
grams were rerun, so as to try and sharpen up the results, 
and to ascertain whether or not the 'good plates' themselves 
are divided into small subgroups. All 26 'bad plate' 
quadrats were consequently removed from the data array, 
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STUDY AREA DESIGN QUADRAT Nos. 
Bass Point Caged 1 - 18 
· -·--··- ·- - - --
Bass Point Uncaged 19 - 36 
-·· 
Wollongong Harbour Caged 37 - '7Q '54 
Wollongong Harbour Uncaged 55 - 72 
-- · -· ---·~--A-·•-- - -·~¥ --~-·----·-- ·· ·--- --·-·
TABLE: 1. The Quadrat numbers allocated for each 
cage in the classifi.catory program, MULTBET. 
. ··' · 
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Fig• 14. c1assificati~ 
of 72 ~uadrats using 
specific data as attribut 
O.OG24 
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f ~·-~-J~-m-. ----.- - ·--Q-U-AD_RA_T __ NU_MB_E_R--S· -·-- -~ Tc--~-g--~--....-~~~--- ·1 
i NUMBER 
11+0 
1, 2, 3, 4, 5, 6, 7, 8, 9, 1q 
Bxperi- Bass 
1lf.2 / 
1,12,13,15,16,17,18,32,33. mental Point 
. ,--
137 
11+,19,20,21,22,23,24,25,26, 
Control 
Bass 
~7,28,29,30,31,34,35,36. .... Point 
-- --
B7,38,39,4o,41,42,43,44,45, Exp./ f/ollon gong 
138 
1lt-1 <·---t-----------·-
~7,1+8, 53, 55, 56, 57, 58, 59,60, Control Harb our 
;2,65,67,68,69,70,71,72. 
Exp./ Wollen gong 
13lf. •6,49,50,51,52,54,61,63,64,66. Control Harb our 
·'"-- ----------·---------··---·- ·----""-- ·----'---
TABLE:2. Composition of groups derived from MULTBET 
classification: (Fig. 14 ) 
leaving a total of 48 quadrats to be classified. 
Results from the second classification (see 'Fig: •. 1 5) 
revealed that there is no further division of quadrats in 
the Wollongong Harbour group. In fact the classification 
was a repeat of the first one, since there was no further 
sharpening up of the image. (See Table 3) 
Therefore the quadrats (which are based on the presence 
or absence of species) have been classified into: 
1. - two groups in terms of study site location. 
2. - A further division occurs in the Ba~s Point 
group between plates in experimental cages and those in 
control cages. 
3. - No apparent division is seen to occur amongst 
the Wollongong Harbour individuals. Quadrat numbers 41, 
42, and 43 which have been grouped apart from the main set 
of quadrats are not significant, since their deviation from 
the group at Wollongong Harbour could be due to a mis-
classification in the program or settling plate edge effects~ 
The importance of these groupings can be seen if the 
'GROUPER' analysis results are considered; which records 
the contribution that each species makes to the division 
between the groups, generated by 'MULTBI!,T'. 
Consider firstly Table 4 which represents the 
of ~ht ~ ~od.~\s 
'GROUPER' analysis 4 for ~ass Point uncaged (Group A) and 
Bass Point caged (Group B). These results show that, 
whereas the quadrats in Group B have a high presence of 
species, the Group A quadrats, which are open to predation, 
have a very high absence of species. This distinction is 
shown in the table quite clearly. Group A has low attribute 
means, whereas Group B generally has high attribute means. 
A further feature to be noticed, is that the species which 
are most important, in providing this distinction between 
groups A and B, are the colonial ectoprocts. In Table 5 
the .•GROUPER' analysis for Wollongong Harbour (Group A) 
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QUADRAT NUMBERS 
1, 2, 3, 4, 5, 6, 7, 8, 9, 
I CAG;: STUDY 
TYPE SITE 
--- -· +--------
Experi-
/ 10,11,12,13,15,16,17,18,32, mental 
~ ' - -----+---------33 __ ·-------t------+---_J' 
Bass R:int 
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14,19,20,21,22,23,24,25,26, 
27,28,29,30,31,34,35,36. 
Control Bass R:int 
-. ----t--------------- L----+------J 
83 37,38,39,4o,44,45,46,47,48. 
Exp./ 
~~ontrol 
Wollongong 
Harbour 
89/ . ........._ ·--- --1-----.. --------··---+-----i---"- -- ··- ··-
70 
Exp./ wollongong 
Control Harbour 
TABLE 3· Composition of groups derived from MULTBET 
classification; (Fig. 1 5 ) • 
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SPECIES 
NUMBER 
ATTRIBUTE TYPE 
HOUP A GROUP B ATTRIBUTE 
CONTRIB-TT.MEAN . ATT.MEAN UTION 
21_-+-E_c_to.proc_~-· ----- _ _ o ._oo_o __ + __ Q_!~-~-- _J 6 .~~J. -- -· 
23 --- Ect 0 P!'O c_!_ ____ _ _______ _ 
19 Ecto roct 
o.ooo _ _9.6E__ .. 
__ 9_~737 
10.410 
6 Polychaete(Hydroidess 0.176 o.842 8.688 
t------t--------------~1-----''---·-+· -------· .... . 
___ 1J __ E_ctop_roct ·-- ----·----- 0.235_  __ Q.8~2__ -~6-8 .. ..... . 
16 
22 
Pol chaete 
Ectoproct 
- ---------·---··--·- --- --- -- ··--·---
----~2. Ecto roct 
4 Polychaete(S.soirillum 
------+--·---------- - --
Q~.281L _~ __ __ J_._QQ.O___ _ _ __6_.z_t6_ .. __ _ 
0.059 0.579 6.179 
--·- ----~ ~~··•••• ·----P--·-·- --·~··•'- •·---'-·• • .... # • 
.9..!.QQQ. __ :.. . -Q.!42J .. ----- _Q__.J 37 . 
o.ooo 0.368 5.229 
1.0!AJ~ __ Q__Q_N_T.E1B.U.'IJON 0 -1.0 SP J_E__Q_ __ ____ =__ 81~.96 . 
·- --- ---·----- .. --.... .... _ ___ .. _ ________________  ----·---------- ·---~----·--------- .-.... _____ __, 
TABLE·: 4. Results for the 'GROUPER' analysis for Group A 
(Bass Point, Control,) and Group B (Bass Point Experimental) 
listing the 10 most important species and their contribution 
to the fusion of these two groups. 
Group A contained 17 Quadrats 
Group B contained 19 Quadrats 
The Attribute contribution from the 10 species represented 
over 80% of the total contribution. 
·- ----~---- · -·-· · · ···-·· 
ATTRIBUTE TYPE 
ROUP A GROUP B TTRIBUTE 
TT .MEAN ATT .MEAN fONTRIB-MBER UT ION 
3 S on e • -1 000 I 2___ 
l+ Polychaete(S.s ) 1.000 0.194 14.488 
16 Polychaete o.ooo 0.806 14.488 
Ecto roct o.66 o.ooo 1 .9~§. ____ 
11 Ecto roct(Conopeum sp.) 0.250 0.972 13.246 ---·----
12 s ) o.66 0.028 1 o._256 
_5 Ecto roct (Hi . ) 0.500 o.ooo 9.767 - -·-----------·· - ·-· 
___  1 o .. Barnacle (B~lanus s . ) o. 00 1.000 • 7J1L 
Ecto roct (Meni ea s . ) 1.000 _0.361 9.683 
6 Polychaete(Hydroides sp 1.000 0.528 6.301 
TOTAL CONTRIBUTION F - 129.E;7~ 
--- - --··---.. ·-~-- .. -... __ ... _____._.__ - ----· --~'""' _____ ,._I_ .. • ~ 0 -·-
TABLE: 5. Results for the •GROUPER' analysis for Group A 
(Wollongong Harbour) and Group B (Bass Point) listing the 10 
most important species, and their contribution to the fusion 
or these two groups. 
Group A contained 12 Quadrats 
Group B contained 36 Quadrats 
The Attribute contribution from the 10 species represented 75% 
of the total contribution. 
50 
and Ba~s Point (Group B) discloses that, unlike the previous 
~ 
results, the differentiation between sites is not a conse-
quence of one group having 'a lot of species regularly 
occurring on each quadrat' and theother group none at all, 
but is something quite different. Basically the two groups 
are dissimilar because they each contain a set of species 
which only minimally overlap with one another. For example: 
Group A comprises species such as the sponge Leuconia and 
the polychaete Spirobis soirillum• Both have been recorded 
on every quadrat in Group A, but have not occurred in Group 
B. However, Species 16 (a polychaete) has occurred regu-
larly on quadrats in Group B, but is absent in Group A. 
Other species in the table show a similar tendancy. 
A plot of the first two vectors, obtained from the 
~r4•~UQd~~ 
'GOWER' program (see Fig. 16 )~further reinforces the 
1 MULTBET' analysis results, by illustrating three distinct 
groups of quadrats. The first vector neatly segregates the 
samples up into Bass Point and Wollongong Harbour groups, 
while the 2nd vector further subdivides the Bass Point 
quadrats into two groups, but however leaves the Wollongong 
Harbour groups clustered. These two components account for 
50% of the variance from the quadrat data. 
The 'GOWECOR' analysis which provides a diagnosis of 
the •GOWER' ordination, lists the 'intensity of association', 
between the principal vectors, and each species involved in 
the analysis. (see Tables 6 and ? ). An examination 
of the results from 'GOWECuR' show them to be aligned very 
closely with those of the •GROUPER' analysis. 
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fig. 16. 
A plot of vector1 versus vector 2 from the 
Principal co-ordinate Analysis of 'GOWER'. 
Vector 1 is represented by the X-axis while 
Vector 2 is represented by the Y-axis • 
- -·----4-
SPECIES CORRELATION ATTRIBUTE TYPE 
NUMBER . COEFFICIENT 
---
6 -0.8251+ Polvchae:tiL_(Hydroides .s 
22 ... 0.7027 Ectoproct (B~ania s~.~ 
7 ... o.6451+ Ectooroct (MeniEea sia.) 
21 -0.5832 Ectoproct ·- _ _ ..._8 ·-· 
l+ -0.5563 Polychaete (S .s P1""'.J;tlnat __ .,, ) 
21+ -o.lt-923 Sp~Ege --- ----·-----·-----.. - ··--- ,_ ________ 
19 -0.4892 Ectooroct 
--~~-~~-... 
_g.3_ -0.4666 Ectoproct 
·---
-
TABLE: 6. Results for the 1 GOWECOR 1 analysis. 
The species are listed in the decreasing order of 
importance of their contribution to the output of 
the associated vector No. 2. 
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SPECIES CORRELATION ATTRIBUTE TYPE 
NUMBER COEFFICIENT 
~ -O.Q10h R.nnnaA (LAnt"oni~ ~n.) 
& • 
16 0.8357 Polychaete ··-
11 0.7535 Ectoproct (Qono12§Uim ~'21) 
9 -0.7490 Ectoproct 
12 -0.7348 SpC?nge (Leucosolenia so.) 
15 o.6648 Ectoproct 
21 o.6648 Ectoproct ·-
10 o.6568 Barnacle (Balan1ai~ ~~-) --· 
TABLE: 7. . Results for the 'GOWECOR' analysis. 
The species are listed in the decreasing order of 
importance of their contribution to the output of 
the associated vector, No. 1. 
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Discussion 
Pattern analysis proved to be a useful approach in 
this project. Firstly, it drew attention to an artefact 
in the data, associated with plates that had detached 
from their cages, during the experiment. The cause of the 
differences, between what have already been termed 'good' 
and 'bad' plates, was due to sediment accumulation. From 
what has been determined in fouling panel studies, these 
organisms are susceptible to choking, from having been 
~overed by sediment while on the sea bed. 
Secondly, pattern analysi~ indicated that the major 
grouping of quadrats, was related to the two study sites of 
Bass Point and Wollongong Harbour, with both sites repre-
senting areas of differing exposure. Therefore the major 
division in the quadrats produced two groups, in terms of 
the environmental variable - natural physical disturbance. 
The results of the 'GOWER' analysis, further reinforces 
this argument , since the quadrat~ have been divided up 
into two main groups on either side of the Y-axis. The 
vector 1 component, which is the first and most important 
root of the principal coordinate analysis output, there-
fore represents the environmental variable. This vector 
accounts for approximately 30% of the variance, ih the data 
set. 
Thirdly pattern analysis indicated a definite sub-
grouping in the Bass Point quadrats. This division pro-
duced a further two groups, in terms of the treatment 
applied to the quadrats. This is, the quadrats were split 
into groups, which belonged either to the control cages or 
the experimental cages. The effect of predation, is 
consequently the reason for this split. Vector 2, which 
\ I is the second root of the GOWER principal co-ordinate 
analysis, has divided the Bass Point quadrats up into two 
groups on either side of the X-axis. It therefore 
represents the predation variable. This vector accounts 
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for 20% of the observed variance in the data set. 
Fourthly, pattern analysis has indicated, that there 
are no further sub-groupings in the Wollongong Harbour 
quadrats. For both experimental and control cages, the 
presence or absence of 
The predation variable 
Harbour site. This is 
the Wollongong Harbour 
species per quadrat is very similar. 
has had no effect in the Wollongong 
' ' shown in the GOWER analysis where 
quadrats (No's. 37 - 45) are clust-
ered in a distinctive group. Vector 2 - the predation 
component has not divided the~e quadrats into any sub-groups. 
In summary, pattern analysis has demonstrated that: 
the major division between quadrats, is due to 
the environmental variable. 
quadrats in the Bass Point site have been sub-
grouped according to a second component - predation 
the Wollongong Harbour quadrats have .not been 
effected by predation and have therefore not been sub-
divided. 
Pattern analy.sis bas shown that various discontin-
uities in the quadrat data, based on the presence or 
absence of species are present. It has further described 
these discontinuities, and gives an account of where they 
are to be found in the data set. The classification has 
indicated that certain variables are responsible for the 
division of the data into groups, it does not however 
specify how significant these differences are, between 
the groups. 
A useful method for determining the significance of 
this type of data, is to use the species-area relation; 
S = CAk, (Kilburn, 19?6) where S is the number of species 
in the sample, A is the area of the sample, and C and k 
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are constants to be estimated from the data. This equation, 
assumes that a specific relationship exits b~tween the size 
or the sample and the number of species in the sample; 
trom this an index may be calculated from the data which 
describes the rate at which species are added, as the 
sample size is increased. If the indices for each site 
and treatment are compared using statistical tests, then 
the differences between the four design groups can be 
tested to determine whether they are significant. The 
quadrats from each site and treatment comll'-nation were 
arranged in six random orderings. Each ordering was 
considered in turn. The number of species present in the 
first quadrat, were combined with the second quadrat to 
form a larger quadrat. After the number of species in 
the combined quadrat had been counted, the next quadrat 
was added. This process was repeated until all the 
quadrats had been combined. Thus a random ordering of a 
set of quadrats yielded estimates of the number of species 
in quadrats of increasing size. Because of the existence 
of •good' plates and 'bad' plates in the data, and the 
need for equal quadrat f.izes, unfortunately only six 
quadrats were counted. Therefore six estimates for each 
· quadrat size were obtained. A regression of loge(S) on 
log e (A) for alL site and treatment combinations was 
performed with the regression equation having the form 
log (S) = log (C) + k log (A). The constant C and the e e e 
regression coefficient k: were estimated by these 
regressions and were compared using multiple linear 
regression analysis. 
Results from this analysis (see Appendix B) indicate 
that for k the regression coefficient (or slope of the 
line), there is no significant difference between any of 
the site and treatment combinations. This result could 
be expected, since the fitting of a regression line to 
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only six points, is not going to give an accurate result. 
Unfortunately the maximum amount of quadrats which could 
be measured was six. I would presume however that if the 
full 18 quadrats were counted, using the above method, 
then significant differences would be obtained, for all 
tbe groups except the Wollongong Harbour treatments. The 
extent of the differences between groups can be seen in 
the'MULTBET'dendrogram, where the group divisions are 
separated by large drops in informa~on gain. 
The environmental variable - natural physical 
disturbance, is the main factor which determined the 
distribution of sessile species in this study. An 
examination of the results for the 'GROUP~R' analysis 
(see Table 5 ) indicates that the fusion between the 
Bass Point quadrats and the Wollongong Harbour quadrats 
involved the merging of groups that differed signif-
icantly in species composition. Further examination of 
the magnitude of the contributions . of the various 
attributes to the fusions shows that the attributes, or 
contribution thereof, which were important for the 
'GROUPER'analysis, were the same as those isolated b~ 
the principal-coordinate analysis. As previously stated 
in the results, both study sites contained a minimally 
overlapping set of species, with no species significantly 
occurring in both study sites. 
This suggests, that the effect of the physical 
environment is such that the sessile pl.ate organisms have 
~ettled in habitats to which they are most suited. Bass 
Point a physically disturbed area, therefore comprises 
a set of species, which can survive in that environment 
and which is different to the set of species at 
Wollongong Harbour, a more sheltered site. The sponge 
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(Leuconia)illustrates this fact nicely. It is the most 
important species in the'mOWER'analysis and is present 
in the Wollongong Harbour area, but is absent at Bass 
Point. The reason why it only occurs in the Wollongong 
Harbour is that sponges naturally grow in calmer waters, 
and tend to protect themselves from the effect of wave 
action, by colonizing the undersurfaces of rocks (Moore, 
1966) Each species in this study has therefore been 
specifically restricted by the environment to only that 
area in which it can survive. 
Not only has natural physical disturbance determined 
where a species will settle, according to the ability of 
the organism to survive the environmental conditions, but 
it also has increased the number of species in the comm-
unity. Whereas eighteen settled species were recorded at 
Wollongong Harbour, Bass Point had a total composition of 
twenty four species. From the 'GROUPER' attribute means 
we can see that, although Bass Point does contain a larger 
number of species, the small value means indicate that the 
abundance of these species was low. This is because most 
of the extra species recorded at Bass Point were colonial 
ectoprocts. Consequently, the number of colonies for 
each species may be small, however the total number of 
individuals in these colonies is quite large. Therefore 
if individual ectoprocts in the colonies were counted, 
then the attribute means for the 'GROUPER' analysis would 
be somewhat larger. As this was a time consuming task 
this was not attempted. 
The 'GROUPER' analysis, also provides evidence that 
uncontrolled external factors in the experiment had no 
effect on the outcome of the study results. Two factors 
which were not able to be controlled in this study are: 
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1. The sediment composition of the water: 
2. The effect of patchy larval distribution: 
1. Marine fouling plate ~tudies have shown the effect of 
sediment choking, on sessile organisms. Since the plates 
at Wollongong Harbour were suspended only 1 - 2 feet from 
the sandy sea bed, (whereas the Bass Point plates were 
some 6 - 7' from a rocky bottom), the effect of sediment 
accumulation on the Wollongong Harbour panels might be 
expected to account for some of the differences in results 
between the two study sites. However, this is a false 
notion, since the sediment-sensitive sponge Leuconia, 
bas settled on plates in the Wollongong Harbour area. The 
effect of sediment, on the species composition of the 
plates, would also be expected to show up in the results, 
with differences occurring between quadrats in the same 
cage. Plates were divided horizontally into 3 sections 
to observe if those quadrats closerto the sandy sea bed, 
were effected in a different manner to those further away. 
This was not revealed by the 'MULTBET' classification. 
2. If patchy larval distributions were occurring in this 
experiment then they could account for the reason why 
certain species were tending to colonize only one area. 
The'GROUPER'analysis indicates, that this would be unlikely 
to occur, since although the polychaete Spirobis spirrillum 
has settled only at the Wollongong Harbour site, three 
other species of polychaetes also occur (see Appendix A). 
One would expect that if larval distribution was patchy, 
then all polychaetes would have settled in the one area. 
Furthermore three species of sponges were identified for 
both study sites, however only the sponge Leuconia settled 
specifically in one area. This suggests that both study 
sites were in fact receiving essentially the same larval 
species. 
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Thus this study has shown that the influence of 
physical disturbance, is the major determinant of the 
community structure of sessile organisms. This result 
is not easily explained in terms of the general theories 
of community structure, as previously outlined in the 
Introduction. However, this concept can be most success-
fully understood if we consider that in this project 
physical disturbance is affecting the distribution of 
species in a 'Developing Community'. A major difference 
between this study and those studies undertaken on the 
rocky intertidal shore, is that the settling plates are 
being colonized for the first time. We are not, observing 
the change in the distribution of sessile species w~ich are 
already present and have been competing against one another 
for a specified resource. This was the procedure Dayton 
(1971) used in his field experiments on the rocky inter-
tidal shore. 
Therefore physical distrubance is not affecting mature 
settled organisms in the plate community, such as barnacles, 
limpets and ascidians, but is directly affecting the settle-
ment of 'pioneer' larval species. Since marine larvae can 
spend long periods of time investigating the surface of 
attachment (Houghton, 1968) they then have the ability to 
select another settling site if the environment of the 
surface is found unsuitable. Consequently the two study 
sites of Bass Point and Wollong.on.g Harbour, in exhibiting 
environments of different physical disturbances, have 
attracted distinctly different sets of species. 
One must remember however that the species contained 
on these settling plates represent a successional phase 
of the community, and as such are very similar to the 
succession of organisms observed in the recolonization of 
a rock shore (Connell, 1972 a). In new vacated areas, a 
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succession of species gradually leads to a climax community 
(Clements, 1916). 
In summary, the results of this project are not in 
conflict with the present theories of community structure, 
since more importantly, they show that communities or 
organisms are indeed affected by natural physical disturb-
ance, and that the effect of this factor is largely depend-
ent on the developmental stage of the community. 
The results of the 'GOWECOR' analysis have indicated 
that predation is a less important component in the 
ination of the community structure, in Bass Point. 
was shown to have had no effect on the distribution 
determ-
Preda tion 
of 
species on settling plates in Wollo~gong Harbour. An exam-
ination of the 'GRouP~R' analysis, illustrates that species 
are being biologically removed from the plates in this area. 
This is evident, in the values given for the attribute 
means for the two treatments. The control cage which is 
open to predation shows a high absence of species denoted 
by low attribute means. On the other hand high attribute 
means are recorded in the experimental cage at Bass Point 
which suggests the presence of species. 
Connell (1976) has suggested that the physical environ-
ment may affect the structure of a community by affecting 
the intensity of predation. 
From this he concludes that in more physically dis-
turbed conditions, . the intensity of predation is decreased. 
This was not observed in this experiment. Moreover, in the 
physically disturbed conditions of Bass Point, predation 
was seen to increase in intensity, whereas at Wollongong 
Harbour, in benign conditons the effect of predation VJas 
not observed. These results are not due to differences 
in the size of fish populations since personal observations, 
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using SCUBA apparatus, have indicated that both study 
sites were well represented by fish populations. 
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Conclusion 
The •GOWECOR' analysis of the quadrat data indicated 
that 
- Vector 1: the first co~ponent of the principal 
coordinate analysis, was the environmental variable -
natural physical disturbance. This vector accounted 
for 30% of the variance observed in the data array. 
- Vector 2: the 2nd component of the principal 
coordinate analysis was the predation variable. This 
vector accounted for 20% of the observed variance in 
the data array. 
These results demonstrated that natural physical 
disturbance was the most importance factor in the 
community structure of sessile organisms. This is 
most easily understood if we consider that in this 
project physical disturbance is affecting the dis-
tribution of species in a 'developing community•. 
Predation is a less important determinant of 
community structune in the physically disturbed area 
of Bass Point. This result does not support the theory 
that increased disturbance in an area, will cause the 
lessening of the effects of predation and therefore an 
increase in the number of species in a community. 
APPENDIX A 
A LIST OF THE 29 SPECIES IDENTIFIED FROM THE 
SETTLING PLATES 
SPECIES COMMON NAME 
NUMBER 
1 : Hydro id 
2: Hydro id 
3: Sponge 
4: Polychaete 
5: Ectoproct 
6: Polychaete 
7: Ectoproct 
8: Polychaete 
9: Ectoproct 
1 O: Barnacle 
1 1 : Ectoproct 
12: Sponge 
13: Ascidian 
14: Ectoproct 
15: Ectoproct 
16: Polychaete 
17: Ectoproct 
18: Ectoproct 
19: Ectoproct 
20: Ectoproct 
21: Ectoproct 
22: Ectoproct 
23: Ectoproct 
24: Sponge 
25: Ectoproct 
26: Ectoproct 
27: Ectoproct 
28: Ectoproct 
29: Ectoproct 
IDENTIFIED NAME (where possible) 
Clvtia so. 
Obelia sp. 
Leuconia so. 
Spirobis spirillum 
Hippexecbonella so. 
Hvdroides sp. 
Menipea sp. 
Spirobis tridentatus 
Balanus so.. 
Conopeum sp. 
Leucosolenia sp. 
Mogula sp. 
Beania sp. 
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APPENDIX B - RESULTS OF REF'RESSION OF LOG (NUMBER 
e 
· • .·· OF SPECIES ) AGAINST LOG (AREA OF SAMPLE) FOR SAMPLES . e 
FROM CAGED AND UNCAGED SETTLEMENT SURFACES AT TWO SITES. 
TREAT- REGRESS IOI 
a b NO. OF 
SITr R 2 
SAMPLES MENT ti:.ONSTANT C COEFF. k 
SITB 1 CAGED 2.565 0.273 0.164 6 
SITE 1 JNCAGED 1.800 o.471 o.488 6 . 
SITE 2 CAGED 2.221+ 0.286 0.179 6 
SITE 2 JNCAGED 2.325 0.199 0.087 6 
* SITB 1 is Bass Point: 
SITE 2 is Wollongong Harbour: 
a. The regression equation has the form log (S) =log (C)+k\~(~) e e 
b. R2 = the proportion of the total sum of squares 
attributable to the regression. 
TEST OF SIGNIFICANCE BEI'WEEN REGRESSION COEFFICIENTS 
REGRESSION REGRESSIOR c F VALUE &a 
COEFFICIENT: k COEFFICIENT:k D.F. S IGNIFICANCJ ~ 
SITS 1; CAGED SITE 1; NOT CAGED 1 ' 4 o.44 NS 
SITE 1 • 
' 
CAGED SITE 2; CAGED 
1 ' 
4 0.06 NS 
SITE 1; CAGED SITE 2; NOT CAGED 1 ' 4 0.038 NS 
SITE 2; CAGED SITE 2; NOT CAGED 1 ' 4 0.034 NS 
c. D.F. =Degrees of freedom. 
d. NS = F Value is not significant at p= 0.05 
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